Abstract The aim of this study is to examine the effects of variations in salinity levels on growth and survival of two fast-growing Mediterranean seagrasses, Cymodocea nodosa and Zostera noltii. We also tested the capacity of C. nodosa to acclimate to a gradual increase in salinity and to discover how it responds to a sharp rise in salinity in combination with other factors, such as increases in temperature, seasonality and different plant-population origins. Several short-term (10 days) experiments were conducted under controlled conditions. For each experiment, ten marked shoots were placed in 5-l aquaria, where they were exposed to different salinity treatments (ranging from 2 to 72 psu). Growth and survival of both species were significantly affected by salinity. A significant effect between salinity and temperature on the shoot growth rate of C. nodosa was also detected, but not on shoot mortality. When C. nodosa plants were acclimated by gradually increasing the salinity level, it was observed that acclimatisation improved tolerance to salinity changes. A different response to salinity variations, depending on the origin of the plants or the season of the year, was also detected. These results indicated that Z. noltii plants tolerate conditions of hyposalinity better than C. nodosa, and that the tolerance range of C. nodosa may change depending on the temperature, the season or the population.
Introduction
Seagrasses have evolved from continental angiosperms that have returned and adapted to life in completely submerged saline environments (den Hartog, 1970) , which they are able to tolerate as a result of various biochemical, physiological and morphological adaptations (Jagels, 1973; Tyerman, 1989; Arai et al., 1991; Pak et al., 1995; Fukuhara et al., 1996; Fernández et al., 1999; Touchette, 2007) . These mechanisms have allowed seagrasses to occur naturally in various aquatic environments with different salinity values, including brackish and oceanic waters (Walker, 1985; Adams & Bate, 1994; Tomasko & Hall, 1999) , and from almost stable to a more fluctuating environment.
To date, studies examining salinity influence or tolerance in seagrasses have focused mainly on estuarine species, which can be exposed to a wide range of salinity levels, due to seasonal and natural variations occurring in their habitat (Wortmann et al., 1997; Benjamin et al., 1999; Kamermans et al., 1999) . Results from these studies have shown that alterations to salinity levels can affect plant metabolism, growth, reproduction, survival and distribution (McMillan & Moseley, 1967; Zieman, 1975; Walker & McComb, 1990; Montague & Ley, 1993; Hillman et al., 1995; Ramage & Schiel, 1998; Vermaat et al., 2000; Chesnes & Montague, 2001 ). However, in marine environments, salinity is considered an approximately constant factor, so any alteration to salinity levels may lead to significant disturbances to open water seagrasses that are more stenohaline species. Salinity values in the Mediterranean Sea are not naturally subjected to large and rapid fluctuations. However, some Mediterranean coastal areas are currently exposed to anthropogenic alterations in salinity levels caused by the discharge of brine effluents from desalination plants (Fernández-Torquemada et al., 2005a , 2009 Gacia et al., 2007) . These brine discharges have high salinity levels (40-70 psu), and sometimes a relatively high temperature and low pH (Lattemann & Höpner, 2003) , so these and other environmental conditions occurring at the same time may have an interaction with increased salinity levels.
Previous studies have shown that the endemic species Posidonia oceanica is quite sensitive to increases in salinity levels (Fernández-Torquemada & Sánchez-Lizaso, 2005; Gacia et al., 2007; Sánchez-Lizaso et al., 2008) , but little information exists with regard to the response and tolerance of other Mediterranean seagrasses, such as Cymodocea nodosa and Zostera noltii. C. nodosa and Z. noltii are relatively small and fast-growing seagrasses with similar behaviour and ecology, but different geographical distribution. Whereas C. nodosa is a common species in the Mediterranean and the eastern Atlantic, from south Portugal to Senegal and around the Canary Islands (den Hartog, 1970) , Z. noltii is widespread along the European Atlantic coastline from Sweden to Mauritania, but is not common in the Mediterranean Sea. C. nodosa may also show a wider depth distribution (ranging from the intertidal to 33-35 m deep) than Z. noltii, which has a narrower vertical distribution (Drew, 1978; Vermaat et al., 1993; Reyes et al., 1995) . On the other hand, both species have a high tolerance to a variety of environmental conditions, such as irradiance changes, seasonal temperature fluctuations and different nutrient concentrations (Phillips & Meñez, 1988; Marbà et al., 1996) , and can become established on a wide range of substrata, from sandy to muddy pristine as well as degraded coastal sites (Peduzzi & Vukovič, 1990; Pavón-Salas et al., 2000; Charpentier et al., 2005) . As the habitat preferences and environmental limits of C. nodosa and Z. noltii are very broad, these species can be expected to have higher salinity tolerance levels than P. oceanica. Throughout their distribution, both seagrasses can be found forming mixed meadows in areas where salinity values differ from marine conditions, such as estuaries and coastal lagoons (den Hartog, 1970; Mazzella et al., 1993; Vermaat et al., 2000; Greve & Binzer, 2004) . Based on their field distribution, C. nodosa and Z. noltii have been classified as euryhaline species (den Hartog, 1970) , although it is expected that individuals of both species that currently occur in coastal Mediterranean waters will have a different salinity tolerance to those from other populations occurring in habitats with greater fluctuations in salinity.
On the other hand, salinity tolerance in both species cannot be easily inferred from these field data, as the salinity range of normal growth and development for a species is usually narrower than its real tolerance limits (Kinne, 1964) , and there can be multiple stressors in the field affecting the behaviour and distribution of a species. As a result, controlled experimental studies are needed to gather significant information about the environmental tolerance of a species. There are some experimental studies that refer to the effects of salinity variations on these seagrasses (Caye & Meinesz, 1986; Hootsmans et al., 1987; Loques et al., 1990; Caye et al., 1992; Vermaat et al., 2000; Pagès et al., 2010) . Most of these studies have focused on the role that reduced salinity levels play in seed germination. Caye & Meinesz (1986) demonstrated that they could induce C. nodosa seed germination at any time of the year by reducing the salinity and using a temperature between 20 and 25°C. These same authors observed that seeds generally do not germinate at a salinity level of 38 psu, and the few that germinated did so very slowly (over months). Furthermore, seedlings that had germinated at lower salinity levels (15-30 psu) were the only ones that continued to develop. Other studies have demonstrated that low salinity levels also stimulate Z. noltii seed germination (Hootsmans et al., 1987; Loques et al., 1990) . Vermaat et al. (2000) carried out an experiment with adult Z. noltii plants from two separate populations that were exposed to 15 and 35 psu and the day-length regimes of two seasons, and observed that both populations suffered high mortality at 35 psu. In a recent paper, Pagès et al., (2010) estimated that C. nodosa was tolerant to moderate salinity increases (44 psu), while apparently only sub-lethal effects appeared at 54 psu, but they only studied four salinity treatments.
The first aim of the present study is to redress the lack of existing information on the tolerance of Cymodocea nodosa and Zostera noltii to salinity changes and to establish their possible range of salinity tolerance. Several experiments of a short duration (10 days) were conducted under controlled conditions to estimate shoot growth rate and survival in both species when exposed to different levels of salinity. A more thorough study of C. nodosa was also carried out to prove the effect of other factors associated with the discharge of desalination brine on this species. We thus tested the capacity of C. nodosa to acclimate to gradual increases in salinity and its response to sharp rises in salinity combined with other factors or conditions, such as temperature increases, seasonality and different plant populations.
Materials and methods

Plant material
Cymodocea nodosa and Zostera noltii shoots were carefully collected by scuba diving from a mixed shallow meadow (-2 m) at Almadraba Beach (Alicante, SE Spain). Plants of a similar size and vitality were transported to the laboratory in a cooler containing ambient seawater from the sampling site (average salinity of 37.5 psu). Once transferred to the laboratory, the shoots were marked using a modified Zieman method (1974) With the exception of experiment VI, ten plants were placed in each aquarium with no acclimation period, in order to simulate sudden increases in salinity. In all the experiments carried out, temperature and salinity were measured daily using a conductimeter (model 1230; Thermo Orion), and salinity values were adjusted when necessary. Control-treatment salinity was the level measured in the area where the plants were collected (with a range of 36.8-38.1 psu, and an average of 37.5 psu). Increased salinity treatments were similar to hypersalinity values associated with a desalination brine discharge (Fernández-Torquemada et al., 2005a , 2009 ) and were prepared by adding natural salt produced by Santa Pola saltworks from seawater concentrate to ambient coastal seawater, while lower salinities were obtained by diluting seawater with freshwater. Once the aquaria were filled with treatment water, they were placed in a larger water-filled container, to keep temperatures as constant as possible during each experiment.
Leaf growth was measured, by using a hypodermic needle for C. nodosa or by using a water-insoluble marking pen for Z. noltii, as a daily elongation rate (cm 2 shoot -1 day -1 ), and mortality as a percentage of dead shoots per aquaria at the end of each experiment. Shoots were considered dead when leaves died back and rhizomes and roots were totally degraded. In order to compare the results from selected experiments, some leaf growth rates were reported as a percentage relative to the growth obtained for the control plants.
The following section details the objectives, experimental design and methodology of the different experiments carried out.
Experiment I: salinity tolerance of Zostera noltii
To evaluate the effect of salinity on shoot growth rate and survival of Z. noltii, three consecutive and different tests of a short duration (10 days) were carried out during the summer period (July and August, temperature & 25-27°C), working with a wide range of salinities (21 different treatments between 2 and 72 psu, each one replicated in three independent aquaria).
Experiment II: salinity tolerance of Cymodocea nodosa
This study was designed to evaluate the effect of different salinity levels on shoot growth rate and survival of C. nodosa. For this experiment, five shortterm (10 days) assays were carried out during spring and summer months (April-July, temperature & 22-25°C), with 27 different salinity levels ranging from 2 to 72 psu (each salinity treatment replicated in three aquaria).
Experiment III: seasonal response of C. nodosa to increases in salinity
The aim of this experiment was to detect a possible seasonal variation of the response by C. nodosa to hypersalinity (control, 42, 47 and 52 psu). Increased salinity experiments (10 days) were carried out at two different times of the year. Winter time (20-30 January, temperature & 15°C) was selected because of the reduced growth rate of C. nodosa during this season, compared with summer (5-15 July, temperature & 25°C), when, due to the accumulation of sucrose and starch and increases in irradiance and temperature, the species shows a higher rate of development.
Experiment IV: salinity and temperature interaction effects on C. nodosa This experiment of 10 days was carried out to examine the synergistic effects of increases in temperature and salinity. Control aquaria were maintained at 20°C seawater temperature during that period (spring, March), while, for the other aquaria, a commercial heater was used with a thermostat to increase the temperature to 25°C, representing summer temperatures in their natural environment. Within each temperature regime (20 and 25°C), four salinity treatments were tested to represent an increase in this variable: 37 (control), 43, 48 and 53 psu.
Experiment V: differences between Cymodocea nodosa populations
This experiment was performed during 10 days in August (temperature & 27°C) to determine whether the response of this species to changes in salinity can vary between individual plants from two populations adapted to different conditions. The survival rates and shoot growth rate among two C. nodosa populations were compared: one from the western Mediterranean Sea (Alicante; 38°22 0 N, 0°26 0 W) and another from a near coastal lagoon located in southeast Spain (Mar Menor, Murcia; 37°48 0 N, 0°46 0 W) with a higher salinity level (42-47 psu). The salinity levels applied were 37 psu (the ambient level at the Mediterranean sampling site), 44 psu (the level at the lagoon when and where the plants were collected), 47 and 50 psu.
Experiment VI: acclimation versus acute increases in C. nodosa
The aim of this experiment, also performed during August (temperature & 26°C), was to determine whether the acclimation of Cymodocea nodosa to gradual salinity variations allows for a greater tolerance to osmotic stress than an instantaneous transfer, as occurs with other seagrass species (Ralph, 1998) . In some treatments, plants were acclimated in their respective aquaria to three different salinity levels (42, 47, and 52 psu) in a stepwise manner (2.5 psu per day) up from the habitat salinity of 37 psu, reaching the maximum salinity after 2 (42 psu), 4 (47 psu) and 6 days (52 psu). In other treatments, plants were subjected to sudden increases in salinity (also 42, 47 and 52 psu), as performed in previous experiments. Finally, all plants were subjected to these salinity treatments during 10 days.
Statistical analyses
One-way ANOVA was used in experiments I and II to test for differences in mortality among the different salinity treatments used (including one as control). Nested ANOVA was used in the same experiments to test differences in shoot growth rate, with salinity considered as a fixed factor replicated in three aquaria (random factor and nested within salinity) and with ten marked shoots (replicates). In the rest of the experiments, an orthogonal factor was added (temperature, original population, seasonality or acclimation) to determine possible interactions between salinity and these factors. Homogeneity of variance had been previously verified using the Cochran test (Underwood, 1997) . The data were log-transformed if normality was not verified.
When analysis of variance identified a significant difference for any factor, the multiple comparison post-hoc test SNK (Student-Newman-Keuls) was applied to determine specific treatment differences. All calculations were performed using the GMAV.5 program (University of Sydney; Underwood & Chapman, 1997), with a minimum significance level established at P \ 0.05.
Results
The growth and survival of Zostera noltii were both significantly affected by water salinity (Fig. 1) . Shoot growth rate was considerably affected at higher salinities, but not at reduced salinities (Fig. 1) . SNK test results revealed that elongation rates were similar and maximal at 2-41 psu, decreasing significantly from 42 to 52 psu (P \ 0.05). No growth was observed at 57 psu and higher. Hypersalinity also affected the mortality rate of this species (Fig. 1) . Z. noltii plants sustained considerable mortality at salinity levels above 43 psu ([16.7%) , reaching 50% at *50 psu and 100% mortality at 57 psu and higher.
Salinity also had a strong effect on leaf elongation rate and mortality in Cymodocea nodosa (Fig. 2) . The relationship between shoot growth rate and salinity was bell-shaped (Fig. 2) , with a distinct peak at 30-39 psu, and a significant reduction at salinity levels higher than 41 psu or lower than 16 psu. Mortality showed an opposite pattern (Fig. 2) , with a minimum value at the control salinity level. Shoot mortality remained lower than 50% at salinity levels of less than 50 psu, but increased sharply above this level. All plants died when exposed to freshwater (0 psu) and to the highest salinity concentrations (C57 psu).
The C. nodosa response to salinity increases during the two seasons studied (winter and summer) showed a significantly different behaviour (Fig. 3) . The life cycle of this species is strongly marked by seasonality (Pérez & Romero, 1992) , with the result that in summer, the plants presented a significantly (P \ 0.001) higher leaf growth (0.1963 cm 2 day -1 shoot -1 ) than in winter (0.0352 cm 2 day -1 shoot -1 ). To compare the data obtained from the two seasons, the results were expressed as a percentage relative to the growth obtained at the control treatment (Fig. 3) . Here, two-way ANOVA showed a significant interaction between salinity and the season of the year in which the experiment was carried out (Table 1) . Subsequent SNK post-hoc tests indicated that, in summer, C. nodosa shoot growth rate was significantly higher at the control salinity level than at the other salinity treatment levels, whereas in winter, higher salinity (51 psu) is the only level that differs from the rest (Fig. 3) . It was also observed that the effects of increased salinity on C. nodosa mortality was more evident in summer than in winter (Fig. 3) , although no significant interaction was found between seasonality and salinity (Table 1) . Shoot mortality was generally lower (B20%) in winter, with higher mortality rates observed in summer (53.3% at 51 psu).
ANOVA revealed a significant effect of the interaction between temperature and increased salinity on the leaf growth of this species (P \ 0.01). Plants subjected to salinity levels between 37 and 48 psu showed greater shoot growth rates at the highest temperature (25°C), but when salinity was increased to 53 psu, the increase in temperature did not affect leaf growth (Fig. 4) . Although no interaction was found for mortality data (Table 1) , mortalities associated with increases in salinity were lower at 25°C (Fig. 4) . In fact, in this experiment, only salinity had a significant effect on the survival of C. nodosa shoots. Among the four salinity treatments, the highest mortality rates occurred at 53 psu (63.3-86.7%), followed by 48 psu (20-40%), with significantly lower values than 37 and 43 psu (3.3-6.7%).
Analysis of variance also showed significant differences in the response to salinity among the populations studied (Table 1) . Individuals from the Mar Menor presented greater shoot growth and survival rates than those from the Mediterranean Sea (Fig. 5) . Similar shoot growth and survival was observed in plants subjected from 37 to 47 psu, with significantly lower values reported at 50 psu. On the other hand, although no significant interaction was observed, plants from the Mediterranean Sea exposed to 50 psu clearly showed lower growth and survival rates than those from the Mar Menor at the same salinity treatment (Fig. 5) .
On the other hand, C. nodosa shoots acclimated to gradual increases in salinity (2.5 psu per day) showed higher shoot growth rates at the four salinity treatments studied than those not subjected to acclimation (Fig. 6) . No dead shoots were found at the control salinity level. However, at high salinity levels, the mortality rate was higher for plants exposed to abrupt salinity changes, although ANOVA did not detect any significant interaction.
Discussion
Effects of salinity on shoot growth rate and survival of C. nodosa and Z. noltii Under these laboratory conditions, Zostera noltii was found to be more tolerant of conditions of hyposalinity than Cymodocea nodosa, but both species were sensitive to increases in salinity. These experiments showed significant decreases in shoot growth rates in both seagrasses at salinity levels higher than 41 psu. A decrease in leaf growth was also observed at salinity levels lower than 15 psu for Cymodocea nodosa, whereas Z. noltii plants were found to be highly tolerant to salinity levels as low as 2 psu, which was the lowest salinity treatment tested for the 10-day period. This tolerance to low levels of salinity has also been found for other seagrasses, such as Amphibolis antarctica and Posidonia sinuosa, which can be highly tolerant to short-term reductions in salinity, even as low as 0-1 psu (Westphalen et al., 2005) . The relationship between leaf growth and salinity was well described by a bell-shaped curve for C. nodosa, and by a sigmoid curve for Z. noltii, with maximum values recorded around ambient salinity levels. Similar responses, but with different relationships between salinity and plant growth, have been observed in several seagrasses (McMillan & Moseley, 1967; Walker, 1985; Walker & McComb, 1990; Kamermans et al., 1999) probably due to adverse effects on the meristematic tissues, interferences with carbon metabolism or negative alterations in the photosynthetic and respiratory rates (Ogata & Matsui, 1965; Biebl & McRoy, 1971; .
Mortality values for C. nodosa were significantly lower for salinity levels between 17 and 48 psu, with all plants dying at salinity levels of more than 56 psu. For Z. noltii, mortality was significantly lower at salinity levels below 47 psu, with 100% mortality at salinity levels above 56 psu. Previous studies have confirmed that salinity variations may affect seagrass survival under experimental conditions (Biebl & McRoy, 1971; Pinnerup, 1980; Vermaat et al., 2000; Fernández-Torquemada & Sánchez-Lizaso, 2005; Fernández-Torquemada et al., 2005b) , as well as in their natural habitats (Robblee et al., 1991; Wortmann et al., 1997; Kamermans et al., 1999; van Katwijk et al., 1999) . Water salinities outside the tolerance range of a species may alter its metabolism and therefore cause direct death of the plant at very ns non-significant, * P \ 0.05, ** P \ 0.01, *** P \ 0.005
Hydrobiologia (2011) 669:21-33 27 extreme levels (McMillan & Moseley, 1967; Adams & Bates, 1994) , or death in the long term if causing starch-reserve depletion (Biebl & McRoy, 1971; Kerr & Strother, 1985) . These results are also in accordance with the field distribution of both seagrasses. Z. noltii is known to colonise estuary and delta areas with a higher influence of freshwater inputs than C. nodosa (Vermaat et al., 2000; Greve & Binzer, 2004) . Our data are also coherent with the known colonisation of these species in the Mar Menor, a coastal lagoon located in the southeast of Spain. Until the end of the nineteenth century, this lagoon contained very high salinity levels (60-70 psu) that prevented it being colonised by macrophytes. However, a subsequent connection was established between the lagoon and the Mediterranean Sea, causing salinity to drop to the current levels (42-47 psu), allowing for the existing seagrass meadows to become established (Pérez Ruzafa et al., 1987) .
It should be emphasised that all these experiments were carried out under controlled aquarium conditions and in short periods of time (10 days), so the response observed here could differ to the one observed in the natural environment. However, Walker & McComb (1990) compared the effect of salinity variations on the growth of a tropical seagrass, both in situ and in aquaria, and found that its tolerance was similar in both cases. In the present study, aquaria experiments were also performed under low light levels (30 lmol quanta m -2 s -1 ), but higher environmental light levels could imply a lower mortality or higher growth of plants under stressing salinity treatments, because those plants could be subjected to an additional costressor, the low light level. Moreover, we only worked with growth and survival of those species, and no information about photosynthesis or other descriptors is given. On the other hand, this study focussed solely on the effects of increases in salinity on the growth and survival of adult shoots, and the sensitivity to environmental variations may differ considerably between seedlings and adult plants, with young stages typically being more sensitive to stressors than adult ones. Future studies should therefore investigate the effects of increases in salinity, together with ) and shoot mortality (%) at different salinity levels and temperatures (bars represent standard errors) ) and mortality percentage of C. nodosa plants from two different populations exposed to different salinity levels (bars represent standard errors) variations in other conditions, on seedling development and seed germination of these species.
Nevertheless, if we compare the results obtained here for C. nodosa and Z. noltii with those obtained for P. oceanica (Fernández-Torquemada & Sánchez-Lizaso, 2005) , it can be observed that these species were able to tolerate a wider range of salinity levels than P. oceanica. This is coherent with the fact that C. nodosa and Z. noltii are smaller and much more plastic species, with a higher capacity to adapt to environmental changes and recover from slight disturbances (Pérez et al., 1994; Kraemer & Mazzella, 1999) .
Interactions of salinity with other factors on Cymodocea nodosa
Previous experiments have demonstrated the sensitivity of C. nodosa to salinity variations in the short term (10 days), but tolerance to salinity may also depend on other environmental or intra-specific factors. Other studies have demonstrated that osmotic stress could modify the sensitivity of some seagrasses to other environmental conditions, such as temperature or pH increases, light levels or eutrophication (Biebl & McRoy, 1971; Ralph 1999; van Katwijk et al., 1999; Vermaat et al., 2000) .
Mediterranean seawater temperatures vary considerably between seasons, but rapid temperature increases may be linked to brine discharges from certain desalination plants. For example, brine discharges from multi-stage flash desalination plants can cause increases of 15°C in the seawater temperature in the receiving environment (Lattemann & Höpner, 2003) . On the other hand, brine discharges from reverse osmosis desalination plants do not imply temperature increases, though it has been observed that, in some of these facilities and during certain periods of the year, the temperature of the effluent can produce a slight increase in that of the receiving environment (Fernández-Torquemada et al., 2005a) .
Temperature is considered an important abiotic factor that controls the production, growth and survival of a species (Drew, 1979) , and it has been demonstrated that its influence on the metabolism of marine plants modifies their capacity to adapt to changes in other environmental factors, such as illumination or salinity (Zieman, 1975) . Plant growth is most affected by light and temperature (Philippart, 1995; Marbà et al., 1996) , and when these parameters are close to a species' optimum values, this species will tolerate a broader range of salinity levels (Kirst, 1989) . It is known that, in several species of algae, such as Macrocystis integrifolia, Alaria esculenta and Cladophora rupestris, tolerance to saline stress is reduced at extreme levels within their temperature tolerance range (Druehl, 1981; Dring, 1992; Thomas et al., 1988) . In seagrasses, Biebl & McRoy (1971) found an increase in plasmatic heat resistance with increasing levels of salinity for subtidal forms of Zostera marina, and Vermaat et al. (2000) observed increased mortality in Z. noltii when the temperature reached 20°C at higher experimental levels of salinity. Thorhaug & Marcus (1981) indicated that four seagrass species were less tolerant of low salinity levels at temperature above 29°C. The present work has also observed a significant interaction between the two factors. For salinities ranging from 37 to 48 psu, C. nodosa plants possessed a higher growth rate at the highest temperature (25°C), but when the ) and shoot mortality (%) of C. nodosa plants acclimated to salinity increases (2.5 psu day salinity was increased to 53 psu, the increase in temperature did not have a positive effect on leaf growth. This is probably because the increase in metabolic activity at high temperatures is insufficient for coping with the stress caused by high salinity levels. Cymodocea nodosa is also affected by seasonality, showing minimum growth in winter due to lower irradiance and temperatures. In this study, it was observed that the salinity tolerance range of this species may also vary throughout the year. This could be related to maximum growth and, therefore, the higher energy and metabolic consumption that occur in summer due to the species' life cycle that makes more evident salinity effects. In winter, plants survive with smaller metabolic levels and are more able to resist salinity-related stress.
On the other hand, tolerance can differ considerably at one level of salinity depending on how such a level is reached. Other studies report that gradual increases in salinity are usually better resisted than a sudden or rapid rise (Ralph, 1998) . In this study, C. nodosa plants exposed to slower increases of salinity (2.5 psu per day) were able to tolerate changes in salinity better than plants that had not been acclimated, showing higher rates of growth and survival.
The capacity of C. nodosa to improve its tolerance to slow increases in salinity can be explained by an acclimation of plants, and some structural or physiological reversible changes that occur when plants are exposed to stress. But when studying other stresses, it has been observed that some plant populations exposed to these same conditions during a longer period may be able to adapt by means of some genetic and irreversible changes (Peralta et al., 2005) .
In fact, when conducting one of the experiments comparing the response of Cymodocea nodosa plants from the Mar Menor lagoon with plants from the Alicante (Mediterranean) near-shore coast, different behaviours to salinity variations were observed for both populations. For the Mediterranean population studied, salinity tolerance was narrower than for the Mar Menor population, as indicated by the high rates of mortality and the significant reduction in shoot growth rate at 50 psu. Plants from the Mar Menor, meanwhile, showed a lower sensitivity to increases in salinity, and similar rates of mortality and leaf growth inside the salinity range studied. Salinity in the Mar Menor lagoon currently ranges between 42 and 47 psu, and western Mediterranean coasts are at levels of *37 and 38 psu. So these differences in tolerance to salinity could be explained because, as occurs with other widespread species, individuals adapt to the different local conditions that occur naturally in their habitats (Doering & Chamberlain, 1998; Benjamin et al., 1999; Kamermans et al., 1999; van Katwijk et al., 1999; Vermaat et al., 2000) . For example, Kamermans et al. (1999) and van Katwijk et al. (1999) observed that estuarine Zostera marina individuals did not tolerate an increase in salinity as well as individuals from a marine population. In other works studies performed with C. nodosa, significant differences have also been found in the behaviour of the seeds of this species in populations from the Golfe Juan Bay in the French Mediterranean (Caye et al., 1992) and from the Island of Ischia in Naples (Pirc et al., 1986) , although these differences were attributed to the genetic variability of this species inside the Mediterranean Sea. Consequently, it may be possible that the wide geographical distribution of a species could imply different tolerances among its populations.
